Introduction
The scanning of 3D geometry has become a popular way of capturing the shape of real-world objects. Transparent objects, however, pose problems for traditional scanning methods. We present a tomographic method for recovering the shape of objects made of glass or other transparent media of various refractive indices. We suspend the object in a fluid within a glass cylinder that has been centered on a turntable. The refractive index of the fluid is matched to be similar to that of the object, thereby minimizing refraction. Refractions still occur at the interfaces between air, the fluid container, and the fluid itself, but we devise a calibration mechanism to account for these. Visible light tomography has been used successfully to observe flames [Ihrke and Magnor 2004] where refraction is small enough to be neglected, and also to reconstruct biological specimens at a microscopic level [Sharpe et al. 2002] . We show how optical tomography can be used at a macroscopic level to recover the shape of refractive transparent objects.
Setup and Acquisition
Our acquisition system consists of a video camera and a glass cylinder centered on a turntable. The glass cylinder acts as a container for a fluid. To scan a transparent object, we place it inside this fluid, and roughly center it within the cylinder. A diffuse surface acts as a background against which we measure absorption in the fluid and the target. The refractive index of the fluid is adjusted to be similar to that of the target, and refraction within the cylinder is negligible as a result. This property is the key component of our setup that allows us to use tomographic acquisition. However, light still refracts while entering and leaving the cylinder. We calibrate for this effect by measuring the distribution of rays corresponding to camera pixels inside the cylinder using a two-plane parameterization step. With this setup, colored transparent objects can be scanned by taking images under different orientations of the turntable. Clear transparent objects can also be scanned, but this requires adding a contrast agent to the fluid. Figure 1 shows a photo of the setup. 
Tomographic Reconstruction
Our reconstruction method is modeled after the Simultaneous Algebraic Reconstruction Technique (SART) [Mueller et al. 1999] , and works on a voxel grid of densities. Starting with an empty (i.e. zero-valued) voxel grid, the algorithm proceeds iteratively by randomly selecting one of the source images. For the selected image, the current volume of densities is forward projected and the resulting log ray absorptions for all pixels are compared to the target values from the captured image. The difference for every pixel is then back-projected through the volume, and all the values of all voxels along each ray are updated. At the end of this process the shape of the object is extracted as an iso-surface. Figure 2 shows the reconstruction of a colored glass object from 360 images, using a voxel grid corresponding to a 0.12 mm resolution. This object is particularly challenging for conventional scanning methods, since the small hole in the center is practically impossible to capture with any method but tomography. The acquisition time for this dataset was about 45 minutes, and the reconstruction time about 90 minutes. The precision of the reconstruction is around 1 mm. The accuracy of the reconstructed geometry is comparable to commercial methods for acquiring opaque objects. Similar to those methods, some high-frequency noise is visible in the results, but several very effective methods are available for eliminating this noise as a postprocess.
Results

